Introduction
The future potential of the Arkansas cattle industry for production is limited only by the ability of the industry to adapt the state's herds to the available resource base. The state resources, including land areas, soils, forages, labor, management, financial capital, etc., all have the potential to be better utilized. Matching the animal to those inputs is essential to achieving the goal of maximizing their utilization. In recent years, many producers have made crossbred matings in an effort to achieve their goals. Crossbred matings offer the opportunity to take advantage of hybrid vigor in certain traits in the offspring, and seek combinations of traits that may not occur together in the purebred parent stock. Thus, possible crosses must be evaluated before decisions can be made as to which offer the greatest advantages. In more recent years, the price structure in the industry is encouraging production with some marginal resources, and there has been moderation of mature size in the state's cow herd, thus a revisit of some earlier obtained data for evaluation of breed crosses seems appropriate. Therefore, the objective of this study was to evaluate birth weight, growth, and weaning traits of calves from two dam breeds and seven sire breeds for feeder calf production in eastern Arkansas.
Experimental Procedures
Records on 2,352 calves born from 1965 through 1977, representing two dam breeds and seven sire breeds, were utilized in this study. Angus and Hereford dams were mated to seven sire breeds: Angus, Hereford, Brown Swiss, Charolais, Holstein, Santa Gertrudis and Red Poll. A distribution of the two-breed-cross calves for each breed of dam by breed of sire combination is presented in Table 1 . All animals were located at the Pinetree Station in the University of Arkansas Agricultural Experiment Station System. The station is located approximately 45 miles due west of Memphis, Tenn., and 4 miles west of Colt, Ark., in St. Francis County in the L'Arguille river drainage system. The topography is relatively flat and the soils for pasture production are poorly drained. For the study period, mean annual low and high ambient temperatures were 50.2°F and 73.0°F, respectively, and mean annual ambient temperature was 61.5°F. Mean annual rainfall at this location was approximately 55 inches (National Climatic Data Center, Asheville, N.C.). Each year, during the spring and early summer ecto-and endo-parasite populations were considerably above the economic threshold. Also, it was common to count 30 to 40 horse files per cow during the peak of the horse fly season. The incidence of anaplasmosis was high. The Pinetree Station represents the most environmentally challenging area for feeder calf production in the state.
In each year of the study, pastures consisted of approximately a 60:40 ratio of unimproved pasture to improved pasture. The unimproved pasture consisted of stands of little blue stem grass and other native species. The improved pastures were stands of Kentucky 31 tall fescue which was approximately 80% infected with a fungal endophyte. Cows grazed unimproved pastures in the warm season and the improved pastures in the cool season. Fescue stands were fertilized in the fall according to the soil test recommendations. Stocking rate on the warm season grass was one cow-calf unit per 3.71 acres and stocking rate on the fescue was one cow-calf unit per 1.25 acres. Cows were fed a liquid protein supplement free-choice from a tank through the use of a lick wheel in the late fall and during the winter until grass was available the following spring. The liquid protein supplement consisted of approximately 45% wood molasses, 29% molasses/urea mix, 20% condensed corn distillers solubles, and 6% mineral and vitamins (Southern Farmers Association Cooperative, Little Rock, Ark.). Cows received approximately 14 lb/d (air dry basis) of a medium quality bermudagrass hay during the late fall, winter and early spring. Calves received no creep feed.
All animals were managed similarly and management practices during the study period were consistent with those for commercial beef production in Arkansas. Cows were exposed for natural service mating in single sire pastures in a 120-day breeding period from
Story in Brief
The objective of this research was to evaluate variation in calf performance from birth to weaning due to breed of sire (BRS), breed of dam (BRD), sex of calf and all interactions. Records from 2,352 calves born at the Pinetree Research unit of the Arkansas Experiment Station were utilized in the study. The physical environment and the available production resources make this location one of the more challenging environments for feeder calf productions in the state. Calves resulted from mating Angus and Hereford dams to Angus, Hereford, Charolais, Santa Gertrudis, Red Poll, Brown Swiss, or Holstein sires. Data collected were birth weight (BWT), preweaning average daily gain (ADG), weaning weight (WWT), weaning grade (WGR), and weaning body condition score (WBCS). Year, BRD and BRS were significant (P < 0.01) for all traits studied. Sex of calf was significant for BWT, ADG, WWT, and WGR, but not for WBCS. The interaction of BRS x BRD affected (P < 0.01) all traits studied except ADG and WBCS. This interaction indicated that there were differences in calf performance between the two dam breeds depending on the sire breed of calf. These data indicated breed differences exist for preweaning performance of two-breed-cross calves produced in an Eastern Arkansas production environment. (Table 2) . Birth weight and weaning weight (WWT) were adjusted for age of dam and sex of calf based on adjustment factor information from the Beef improvement Federation (BIF, 1996) . Data were analyzed by least squares analysis of variance with unequal subclass numbers. Sources of variation in birth weight and weaning traits were separated with a mathematical model that included terms for an overall mean, year, sex of calf, breed of sire, breed of dam, the two-way interactions of sex of calf x breed of sire, sex of calf x breed of dam and breed of sire x breed of dam and the three-way interaction of sex of calf x breed of sire x breed of dam and residual using the GLM procedure of SAS (SAS Inst. Inc., Cary, N.C.). In a preliminary analysis, age of calf and the three-way interaction of sex of calf x breed of sire x breed of dam were non-significant and were deleted from the model. Least squares means were calculated and separated using the PDIFF option of LSMEANS.
Sire Breed Effects on Preweaning Traits of Crossbred and Purebred

Results and Discussion
The fixed effects of year, sex of calf, breed of sire and breed of dam were significant for all preweaning traits, except that sex of calf was not significant for WBCS. Sex of calf affected BWT, ADG, WGR, (P < 0.01) and WWT (P < 0.05). Steer calves were heavier at birth (67.3 lb versus 62.7 lb) and gained more rapidly (1.41 lb/day versus 1.31 lb/day) to a heavier weaning weight (448.8 lb versus 407.2 lb) than the heifer calves. Steer calves received on average a weaning grade of almost a half of a point higher than did the heifer calves (11.90 and 11.55, respectively). Our results are in agreement with Crockett et al. (1978) who reported that sex of the calf was significant for birth and weaning weight, but not significant for weaning body condition scores in crosses utilizing Hereford, Angus and Brahman breeds.
Breed of dam was a significant source of variation for calf ADG and WBCS. Least squares means and standard errors are shown in Table 3 for these traits. Calves raised by Angus dams gained more to weaning (P < 0.05), and had a higher (P < 0.05) WBCS than did calves with Hereford dams. Gregory et al. (1978) found similar results for Hereford and Angus dams when mated to Hereford, Angus, Red Poll and Brown Swiss sires.
Breed of sire was a significant source of variation for ADG and WBCS. Table 3 shows the least squares means and standard errors for these traits. Charolais sired calves had the highest (P < 0.05) mean value for ADG (1.46 lb/day), but there was no difference (P > 0.05) between ADG for Charolais and Santa Gertrudis or Santa Gertrudis, Brown Swiss and Holstein sired calves. Angus and Hereford sired calves had the lowest (P < 0.05) ADG (1.29 and 1.28 lb/day, respectively) although not significantly different from Holstein or Brown Swiss. Calves from Charolais sires had the highest (P < 0.05) mean WBCS (3.90) compared to all other calves. Holstein and Brown Swiss sired calves had the lowest (P < 0.05) mean WBCS (3.25 and 3.41, respectively) . No difference (P > 0.05) was observed for WBCS of calves sired by Santa Gertrudis, Red Poll, Hereford and Angus bulls, but were intermediate to Charolais, Brown Swiss and Holstein sired calves.
The interaction of BRS x BRD was significant for BWT and WWT (P < 0.01) and for WGR (P < 0.05). Least squares means and standard errors for BWT, WWT and WGR are presented in Table 4 . When Angus and Hereford cows were mated to Angus, Charolais, Santa Gertrudis, and Brown Swiss sires, Hereford dams had calves with greater (P < 0.05) BWT than Angus dams. When Angus and Hereford dams were mated to Hereford Sires, Angus dams produced calves with greater (P < 0.05) BWT when compared to BWT of calves by Hereford dams. When Angus and Hereford dams were mated to Red Poll and Holstein sires there was no difference (P > 0.05) in mean BWT of calves produced.
Across all sire breeds except Angus, mean WWT was greater (P < 0.05) in all BRS x BRD combinations involving Angus dams vs. Hereford dams. There was no difference ( P > 0.05) in mean WWT of calves from Angus and Hereford dams mated to Angus sires (414.1 ± 2.0 vs. 405.2 ± 5.2 lb)
Angus dams weaned calves with higher (P < 0.05) mean WGR than did Hereford dams when crossed with Angus, Hereford, Charolais, Red Poll, Santa Gertrudis, and Holstein sires; conversely, calves of the Brown Swiss x Hereford combinations had higher (P < 0.05) mean WGR than calves of the Brown Swiss x Angus combination.
Implications
Significant changes can be accomplished through proper sire selection to complement the cow herd. Proper sire selection should result in improved efficiency through increased average daily gain and larger weaning weights with minimal increase in birth weight. Both sires and dams can influence production potential of the cow herd, so both contributions must be considered in crossbreeding decisions. These results suggest that two-breed-cross calves demonstrated greater production potential over their straightbred contemporaries under this particular production environment at the Pinetree Station in the University of Arkansas Agricultural Experiment Station System. Gooda Table taken from Brown et al. (1970) .
Weaning grade
Weaning body condition score Table 2 . Scoring scenario a for weaning grade and weaning body condition. Table 3 . Least squares means and standard errors for preweaning average daily gain, and weaning body condition score by breed of dam and breed of sire.
a 7 = Very fat, 6 = Fat, 5 = Average +, 4 = Average, 3 = Average -, 2 = Thin, 1 = Very thin
